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Can the excess in the FeXXVI Lyγ line from the Galactic Center provide evidence for 17 keV sterile
neutrinos?
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The standard model of particle physics assumes that neutrinos are massless, although adding non-zeros is
required by the experimentally established phenomenon of neutrino oscillations requires neutrinos to have non-
zero mass. Sterile neutrinos (or right-handed neutrinos) are a good warm dark matter candidate. We find that the
excess of the intensity in the 8.7 keV line (at the energy of the FeXXVI Lyγ line) in the spectrum of the Galactic
center observed by the Suzaku X-ray mission cannot be explained by standard ionization and recombination
processes. We suggest that the origin of this excess is via decays of sterile neutrinos with a mass of 17.4 keV
and estimate the value of the mixing angle. The estimated value of the mixing angle sin2(2θ) = (4.1±2.2)×10−12
lies in the allowed region of the mixing angle of dark matter sterile neutrino with a mass of 17-18 keV.
I. INTRODUCTION
Several astrophysical observations, such as the indications
of central cores in low-mass galaxies, the low number of satel-
lites observed around the Milky Way, and the near constant
cores of the least luminous satellites, have revived interest
in sterile neutrinos as a warm dark matter candidate. Elec-
troweak singlet right-handed (sterile) neutrinos with masses
in the few keV range naturally arise in many extensions of the
Standard Model and could be produced in the early universe
through the Dodelson-Widrow mechanism involving (non-
resonant) oscillations with active neutrino species [1]. The ex-
perimentally established phenomenon of neutrino oscillations
requires neutrinos to have non-zero mass, and sterile neutri-
nos (or right-handed neutrinos) are a natural warm dark matter
candidate.
Direct constraints on masses and mixing angles are ob-
tained both from the Lyman alpha forest power spectrum and
X-ray observations of the radiative decay channel, the latter
providing a photon with energy E=msc2/2, where ms is the
sterile neutrino mass. Most recently, X-ray observations of
the local dwarf Wilman 1 have shown marginal evidence for
a 5 keV sterile neutrino [2]. The inferred mixing angle lies
in a narrow range for which neutrino oscillations can produce
all of the dark matter and for which sterile neutrino emission
from cooling neutron stars can explain pulsar kicks.
In fact if sterile neutrinos provide a significant fraction (al-
though not necessarily all, see [3],) of the dark matter, the
Galactic Center provides an even more attractive environment
to search for radiative decay signals. If the sterile neutrino
mass is indeed around 17 keV, we expect a X-ray line near 8.5
keV. The diffuse X-ray emission from the Galactic Center us-
ing the X-ray imaging spectrometer on Suzaku was analyzed
by [4], who detect the 8.7 keV line corresponding the FeXXVI
Lyγ. We have reanalysed the data on hydrogen-like iron line
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strengths and find that there is an unexpected excess in the
8.7 keV line from the Galactic center in the Suzaku data. We
demonstrate that this excess cannot be explained by means of
standard ionization and recombination processes. We propose
an explanation of the excess in the 8.7 keV line in terms of
17.4 keV neutrino decays.
II. THE EXCESS IN THE 8.7 KEV LINE FROM THE
GALACTIC CENTER AND ITS ORIGIN
X-ray emission from the Galactic center has been observed
for almost 30 years. A component of the diffuse emission
is thermal and is produced by a high temperature plasma in
the inner 20 parsecs of the Galactic Center (∼ 8 keV). The
most pronounced features in the emission lines are Fe I Kα
at 6.4 keV, and the K-shell lines 6.7 and 6.9 keV from the
helium-like (FeXXV Kα) and hydrogen-like (FeXXVI Lyα)
ions of iron, respectively. An analysis of the ratio of the 6.7
keV to 6.9 keV lines is an interesting test of plasma com-
ponents (see, e.g. [5], [6]). For the first time, the FeXXVI
Lyγ at 8.7 keV was detected by the Suzaku X-ray mission [4].
The observed line intensities by Suzaku are listed in Table 2
of [4]. For convenience, we list below the most important
lines (for our analysis) taken from the paper by [4]. The mea-
sured intensities of the lines of the hydrogen-like iron ions
are: ILyα = 1.66+0.09−0.11×10
−4 ph/(cm2 s), ILyβ = 2.29+1.35−1.31×10−5
ph/(cm2 s), and ILyγ = 1.77+0.62−0.56 × 10−5 ph/(cm2 s). The errors
are at 90% confidence level [4].
The measured ratio of the FeXXVI Lyβ to FeXXVI Lyα
iron lines equals ≈ 0.138 ± 0.059 and is in agreement with
the theoretical value of ≈ 0.14 in the gas temperature range
between 5 and 15 keV (see line list [7]; for a review, see [8]).
We note that the measured intensity of the FeXXVI Lyγ =
1.77+0.62
−0.56 × 10
−5 ph/(cm2 s) iron line has an significant ex-
cess above the value derived from the theoretical model [7]
and the measured intensity ILyα of the FeXXVI Lyα iron line.
The ratio of the the FeXXVI Lyγ to FeXXVI Lyα iron lines
equaled 0.038 in the gas temperature range between 5 and
215 keV is from the theoretical model (see, [7]). Therefore
the expected value of the intensity in the FeXXVI Lyγ line is
0.038 × ILyα = 6.3+0.4−0.4 × 10
−6 ph/(cm2 s) and is much smaller
than the measured intensity by Suzaku. Therefore, the excess
of the intensity in the 8.7 keV line equals ≈ (1.1± 0.6)× 10−5
ph/(cm2 s).
To demonstrate that this excess cannot be explained by ion-
ization and recombination processes, we calculate the ratio of
the fully stripped (FeXXVII) ionic fraction to the hydrogen-
like iron ionic fraction using the ratio of the intensities of the
FeXXVI Lyγ to Lyα lines as a function of temperature T .
The ratio rγα of the FeXXVI Lyγ to FeXXVI Lyα iron line
intensities is given by
rγα =
Eγ(T )NFeXXVI + Rγ(T )NFeXXVII
Eα(T )NFeXXVI + Rα(T )NFeXXVII (1)
where Eγ and Eα are the impact excitation rate coefficients,
and Rγ and Rα are the rate coefficients for the contribution
from recombination to the Lyγ and Lyα spectral lines, re-
spectively. Excitation and recombination rate coefficients are
taken from [8].
From Eq. (1) the ratio of the fully stripped (FeXXVII) ionic
fraction to the hydrogen-like iron ionic fraction is
NFeXXVII
NFeXXVI
=
Eγ(T ) − rγαEα(T )
rγαRα(T ) − Rγ(T ) (2)
Note that we do not use the assumption of collisional ioniza-
tion equilibrium.
For the best fit value of the intensity ratio of the Lyγ to
Lyα iron lines (1.77 × 10−5/(1.66 × 10−4) ≈ 0.107) found by
[4], we find that the ratio of the fully stripped (FeXXVII) ion
fraction to the hydrogen-like iron ion fraction lies in the range
(−40,−20) when the electron temperature is in the range (5
keV, 15 keV). Since the ratio of the fully stripped (FeXXVII)
to hydrogen-like (FeXXVI) ion fractions should not be nega-
tive, we conclude that the excess cannot be explained by ion-
ization and recombination processes. A more physically ac-
ceptable explanation of the excess is that of sterile neutrino
decays, under the assumption that sterile neutrinos constitute
a significant fraction of dark matter. In the next section, we
calculate the mixing angle using our inferred value of the in-
tensity excess in the 8.7 keV line.
III. RADIATIVE DECAYS OF STERILE NEUTRINOS
The sterile neutrino possesses a radiative decay channel de-
caying to an active neutrino and a photon with energy E =
msc
2/2. Since the excess in the 8.7 keV line corresponds to a
sterile neutrino mass of 17.4 keV, in this section we estimate
the mixing angle sin2(2θ) and decay rate for such a sterile neu-
trino.
Using the excess in the 8.7 keV line intensity equal to
Iexcess ≈ (1.1 ± 0.6) × 10−5ph/(cm2s) and the definition of
the energy flux Fs = Iexcess × E, we find that the value of the
energy flux excess in the 8.7 keV line equals (9.6 ± 5.2) ×
10−5keV/(cm2s).
Decays of sterile neutrinos in the dark matter halo of the
Milky Way are a promising way to explain the excess in the
8.7 keV line. The amount dark matter within the field of view
of the Suzaku observation (see Fig. 1 of [4]) is only a minute
fraction of the total mass of the dark matter halo of the Milky
Way. We consider the model of the Milky Way dark halo
presented in [9] and used to derive constraints on the sterile
neutrino parameters by [10]. The Milky Way halo density is
described by the Navarro-Frenk-White (NFW) profile
ρNFW(r) = Mvir4πα
1
r(rs + r)2 , (3)
where the dark matter halo parameters of preferred models
obtained in [9] correspond to Mvir = 1012M⊙, rs = 21.5 kpc
and numerical constant α ≃ 1.64 (see [10]). A mass within
the field of view of Mfov ≃ 2.5 × 106M⊙ is derived from this
model.
The decay flux into a solid angleΩ (within the field of view)
is given by (see, e. g. [11])
Fs =
∫
Ω
ρNFW(~r)
4π(~r0 − ~r)2
Γc2
2
d3~r, (4)
where |~r0| = 8.5 kpc is the distance to the Galactic center. The
decay rate Γ is given by (e.g. [11] and references therein)
Γ = 1.38 × 10−22 sin2(2θ)
(
ms
1keV
)5
s−1. (5)
To estimate the value of the mixing angle, we use the inferred
value of ms = 17.4keV and the value of the energy flux excess.
Then, from Eqs. (4), (5) the value of the mixing angle is given
by
sin2(2θ) = (4.1 ± 2.2) × 10−12. (6)
Using Eq. (5) we derive the following constraint on the
decay rate:
Γ = (9.0 ± 4.8) × 10−28s−1. (7)
Note that the derived values of the mixing angle of
sin2(2θ) = (4.1±2.2)×10−12 and decay rate of Γ = (9.0±4.8)×
10−28s−1 lie in the allowed region for a dark matter sterile neu-
trino with a mass of 17-18 keV (see [12]). Such a neutrino is
capable of accounting for a substantial fraction, if not all, of
the dark matter.
An additional contribution of comparable strength comes in
a point-like source if a cusp of dark matter develops around the
centar black hole. The dark matter cusp mass is constrained
observationally by stellar orbit measurements and is taken to
be 3 × 106M⊙ within the central 0.001 pc. This is comparable
to the mass of the central black hole. Such a cusp is natu-
rally produced via adiabatic contraction of dark matter around
the black hole within its sphere of influence, about 3 pc for
the Milky Way black hole [13], [14]. Typically about as much
mass is captured in the spike as is in the central black hole and
with a density profile of ρ ∝ r−9/4 or even steeper. Dynami-
cal histories of merging complicate this picture. In particular,
3binary black hole mergers, had they occurred, would destroy
such a spike (see [15], [16], [17]).
However an alternative and more conservative scenario is
cusp regeneration. This cannot occur directly in the dark mat-
ter because its relaxation time is extremely long. However,
this is not the case for the central stars, and once a cusp forms
in the stars, scattering of dark matter particles off of stars can
redistribute the dark matter in phase space on a time scale of
order the relatively short star-star relaxation time [18], result-
ing in a ρ ∝ r−3/2 density cusp in the central parsec of the dark
matter [19].
Sterile neutrinos would form such a dark matter cusp, al-
though the spike density is limited by phase space considera-
tions for non-degenerate neutrinos (see, [20]). Using the val-
ues of the velocity dispersion for the Milky Way of 100 km/s
[21] and a sterile neutrino mass of 17.4 keV, we find a limit on
the density ρcr < 1.4 × 109M⊙/(pc3). This would guarantee a
point-like source if there is indeed a cusp.
IV. CONCLUSIONS
We have found that there is an excess in the intensity in the
8.7 keV line observed from the Galactic center over the the-
oretical value expected for the intensity in the FeXXVI Lyγ
line. This intensity excess equals (1.1±0.6)×10−5 ph/(cm2 s),
where the errors are at the 90% confidence level. We show that
this excess cannot be explained by means of standard ioniza-
tion and recombination processes, since the ratio of the fully
stripped (FeXXVII) to FeXXVI ion fractions becomes (un-
physically) negative in the temperature range of (5 keV, 15
keV), when the observed ratio of FeXXVI Lyγ to FeXXVI
Lyα iron lines is applied.
We suggest that a physically acceptable explanation of the
intensity excess in the 8.7 keV line is due to decays of ster-
ile neutrinos that that are in a halo of dark matter around
the Milky Way. The dark matter density profile we adopt
is obtained by numerical simulations [9]. The dark matter
mass from the Milky Way dark matter halo within the field
of view of the Suzaku observation is small compared with
the total mass of the dark halo ≃ 1012M⊙, however it suffices
≃ 2.5× 106M⊙ to produce a significant flux (1.1± 0.6)× 10−5
ph/(cm2 s) via decays of sterile neutrinos.
Nearby low surface brightness dwarf galaxies have a central
dark matter density as high as 〈ρ〉 ∼ 5M⊙/pc3(200GeV/cm3)
and are consistent with a common mass scale of ∼ 107M⊙
[22] and even a universal dark matter profile with a limiting
central dark matter surface density of log(r0ρ0) = 2.15±0.2, in
units of log(M⊙/pc2). [23]. The corresponding density is well
within the phase space constraints for 17 keV sterile neutrinos.
One explanation of the common mass scale is that dark mat-
ter haloes do not exist at lower masses. Warm dark matter
particles have large enough free streaming lengths to erase all
density fluctuations that might have formed lower mass halos
if the mass of the warm dark matter particle is approximately
5 keV for a minimum halo mass of 107M⊙. In the present
case, the mass of such sterile neutrinos is 2 × 8.7 = 17.4 keV.
The minimum halo mass scale is approximately 105M⊙. Note
that the actual dwarf masses could extend to lower values than
evaluated at the 300 pc scale by [22].
We estimated the mixing angle of sin2(2θ) = (4.1 ± 2.2) ×
10−12 from the excess in the intensity and the decay rate is
found to be decay rate: Γ = (9.0 ± 4.8) × 10−28s−1. These
values lie in the allowed region of the mixing angle and decay
rate parameter space for a dark matter sterile neutrino with a
mass of 17-18 keV (see [12]). Sterile neutrinos in this region
of mass, decay rate and mixing angle parameter space can
contribute significantly to dark matter. Such neutrinos would
be virtually indistinguishable from cold dark matter except in
the lowest mass dwarf galaxies where cores would be formed.
High resolution x-ray observations should reveal a point-like
line source of comparable strength to the Suzaku line excess
if a cusp is present around the central black hole.
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